Pityrosporum ovale did not show the normal swelling and shrinking such as is undergone by Saccharomyces cerevisiae in media of different osmotic pressures. Pityrosporum ovale shrank slightly in media below 0.33 osmolar and remained at constant volume between 0.33 and 3-4 osmolar, while S. cerevisiae swelled below 0-10 osmolar and shrank markedly and progressively from 0.33 to 3-4 osmolar. The resistance of P. ovale to this effect is believed to be associated with its survival on the scalp in an environment low in water and high in salt from sweat, and to be a property of the remarkable construction of its cell wall as revealed by electron microscopy.
INTRODUCTION
When swabs are taken of human skin and scalp, large numbers of bacteria, mainly micrococci, can be cultivated (Pachtman, Vicker & Brunner, 1954) . There are two main mechanisms whereby bacteria are eliminated from the skin surface, namely dehydration and the germicidal activity of unsaturated fatty acids secreted in the sebum.
The two mechanisms have been found to be effective separately, according to the species of bacteria (Ricketts, Squire & Topley, 1951) . However, the scalps of a signiscant proportion of the population also support large numbers of the lipophilic yeast, Pityrosporum ovale, which has often been associated with dandruff (Benham, 1945; Spoor, Traub & Bell, 1954) . This organism was originally grown on commercial oleic acid and is resistant to the fungicidal properties of unsaturated fatty acids. Its survival in the almost complete absence of water is more difficult to understand. On the scalp this must mean growth and metabolism in a medium of very high osmotic pressure, as the water, but not the salts, in the sweat evaporates off. Yeast cells in common with Gram-positive bacteria cannot be plasmolysed but swell and shrink as a whole in solutions of different osmotic pressures (Mitchell & Moyle, 1956; 0rskov, 1945 The swelling and shrinking of the organisms in saline of different osmolarities was determined by the method of 0rskov (1945) . Organisms were harvested, washed three times with 15 ml. 0.9 % NaCl solution and resuspended in 0.5 ml. 0.9 % NaCl solution. This suspension was then placed in a standard haematocrit tube and centrifuged to constant packed-cell volume in an M.S.E. Super-Minor centrifuge with a swing-out head, at maximum speed. One minute was all that was necessary to obtain a constant packed-cell volume. The haematocrit reading was then taken immediately, since yeast Lack of swelling and shrinking of Pityrosporum ovale 307 cells are elastic. The supernatant liquid was aspirated off and the same organisms suspended in 0.5 ml. lots of NaCl solutions of different osmolarities and the packed cell volumes again determined.
RESULTS
The swelling and shrinking of the cells in media of different osmolarities is shown in Fig. I , for one experiment with each species of yeast. To calculate the true volume of the yeast cells by subtracting the volume of NaCl solution round the cells, it was assumed as an approximation that all the cells were spherical. If r is the radius of the haematocrit tube (1.5 mm.), the volume of cells + interstitical salt solution is nr2h, where h is the haematocrit reading in m. At maximum packing, the volume taken up by n spheres of radius R is 6R3n = nr2h. Thus R3n can be calculated as nr2h/6. The true volumes of the cells can then be calculated as 4/3nR3n and expressed as a percentage of the original volume of the cells in 0.9 % NaCl solution.
DISCUSSION
It is seen in Fig. I that Saccharomyces cerevisiae swelled in NaCl solutions of very low osmotic pressure and shrank in solutions of high osmotic pressure. Between 0.1 and 0.3 osmolar no swelling or shrinking occurred. This curve is very similar to that obtained by Orskov (1945) who used malonamide, a solute which did not permeate into the cells. In contrast, Pityrosporum ovale shrank in NaCl solutions of low osmotic pressure and maintained a constant cell volume in solutions of high osmotic pressure. Thus P. ovale does not exhibit the normal shrinking of yeast cells in solutions of high osmotic pressure, which is the condition that occurs on the scalp. The internal osmotic pressure of Gram-negative bacteria is about 5 atmospheres and that of Gram-positive bacteria about 20 atmospheres; that of yeast cells is also known to be high (Mitchell & Moyle, 1956) . This high internal osmotic pressure is maintained by the cell wall whose function is to strengthen the cell, permeability being regulated by the lipoprotein cytoplasmic membrane just inside the cell wall. Electron microscopy has shown that the cell walls of P. orbiculare (Barfatani, Munn & Schjeide, 1964) and P. ovale (Swift & Dunbar, 1965; Swift, 1966) are remarkable, being very thick and corrugated on the inside only in cross-section. Examination of the surface of fragmented cells has shown that these corrugations of P. ovale are a series of ridges which form a spiral net-work over the surface of the cell from one end to the other. Between 8 and 14 corrugations converge on the single bud scar and on the other pole of the organism. Each corrugation appears to spiral through one complete turn, i.e. through 360" in traversing the length of the organism. It is concluded that these structures appear to account for the extreme rigidity of the cell wall of P. ovale and its survival in media of high osmotic pressure.
